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FOREWORD

This report was prepared by the Motor Component Development
Branch, Solid Rocket Division, Air Force Rocket Propulsion Laboratory
(AFRPL). The subject test was conducted under Project 305903 AMG,
Solid Rocket Hardware Evaluation (SRHE), on 12 December 1969, The
rocket nozzle was designed and fabricated by the United Technology
Center,, Sunnyvale, California, The USAF test engineer was Lt Richard
K, Strome, and the United Technology Center project engineer was

My, Joe Spano,

This technical report has been reviewed and approved.

CHARLES R, COOKE

‘Chicf, Solid Rocket Division

Air Force Rocket Propulsion Laboratory
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ABSTRACT

The test firing of a rocket nozzale equipped with two fixed exit cone
probes was conducted at the Air Force Rocket Propulsion Laboratory on
a 36-inch inside diameter uncured propellant solid rocket motor., The
exit cone probes were designed to act as shock inducing members, thereby
generating side forces-for thrust vector control. The probes were of two
different configurations, a thin shell of silver infiltrated tungsten, and a
thick block of the same material, The thin shell probe was ejected carly
in the firing, while the thick block version survived satisfactorily, The
motor performed as desired, with a 740 psig maximum pressure, 15 sec-
ond duration firing, . LPC 614-A, a 16 percent aluminum, PBAN binder
propellant was utilized. '
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- ~// ~ ) B - - B - . :_§ . ‘.
Thrust vector control (LVC) is the piimary method of diréctinga -~ = J.53
missile in flight‘along the desired trajectory, Movable zio.z’zles area e
. |

currently favored.concept for providing TVC iorces. An' Foxcew, ies ) | 258
(Reference 1)have shown tkat hydrau‘hc aa!:mtxon 3ystcms yr/escnﬂy- R L. £ 1

L

utilized on- contempora'y missiles ra.n])e Iﬂplaceﬂ]wa servo actuators - - 3 -

These servo nopzzle- control {SNC) 3ystems ooerzte:m a mamler snmlar : %T%;
1o} an aircraft control suriace trim tab.. A small se:;;o actuation Iorce i oo 1 f i‘h
reacting ona control component provides the -power meedc&ior control ‘ , ot
deflectiocn. .7 T K :’G‘g

The United Téchnology Center developed a SNC concept based upon ) oo R
inserting a probe into the supersonic exhaust of 2 movable-solid rocket = - . N
nozzle, The probe would induce a.shock thereby causing-adighdocal ~ = : 'j‘:”:
pressure on the exit cone surface. This high pressure area would be LA
1sed as the actuation fofce for the movable nozzle. The eﬁvirdmﬁeht for. . ] 1{?&
such a probe is very severe. Tungsten was selected by ICc {or a candi- P | ;éf 1
date probe material. In June 1969.2 SNC gysi;em(ut_ll;zmg,,a wn:e-wound-, B
tungsten (WWW) probeé was test fired at the AFRPL {Referénce 2). Thel A ﬁ
probe failed and was ejected before meaningful performance data could L5
be obtained. A secon( .:st-was conducted (Ieyorted herein)-to verify
survivability-for a fixed silver infiltrated tungsten probe, Acceptable
results would establish 4 basis for additional probe SNC development.

The objectives of ‘thetest were to: -

1. Demonstrate the survivability of a ﬂﬁn ;éheil, -silver infiltrated ‘ ‘
tungsten (AgW) probe in the exit cone .of a s50lid ~ocket nozzle. ) ' .

2. Demonstrate the survivability of a thick block of AgW-ina 7 ’: 3
similat environment. . : - ’ R: ° .

T
f <
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‘Ihe test mozzle -was a‘convenhonal*extema‘laconf1gur.at1on. A

‘crpss-sect;on drawmg is .shovm in Fi; ;1gure 1 .-and p;reﬁre p’hotdgraphs
are .shown mI;gures 2 3 4and 5,

© . > o \“'3 oo -

Q

“ -
& = .

" The :nozzle entrance serhcn wa.s :t'abncatea from tape wrappéd carbon
cloth 1i1eno’hc, ZMX 4926 ‘:[‘he matena‘l -was cured at 1006-psi and bigh
temperature Zbefore 'be;mg ‘contoured #o the final \conﬁguratmn. The mozz“le
d;hroat msert was -2 2.3 inch LD. piece-of G-90 graph1te. ‘The mozzle exit
Icone was a 15 Eegree 'half angle coné, fabricated from MX 4926 inthe

same manner as the aentrance €ap. -

The yrobes wete :fa“bncated from infiltrated tungsten. ’T‘en percent
sﬂver Was ;the ihﬁlfrant matenal 2nd 90 percent W formned the matrix.
Boﬂl sp1kes were 5.16 dnches 3 :m diameter, ‘andaof,akﬂataend platel

- cyhndr;cal \conﬁguratlon. The probes weré installed such that their
centerlmes «wcre atan e"pansmn ratio: (Alocal: {Athroat) ©of 5. 04:1
(F:lgure '6), *w;fhﬂa 101:3.1 area Zb“loc]fage of 23 percent (Figure 7). Details

of ‘the probe demgns are con51dered to be UTC proprietary information.

& f‘ v

o, u . M
P F} B .
7. O
v s

It -was be‘hevea that ‘the tn1ck “b‘lock probe, *bemg solid AgW (Figureé 8)
wmﬂd aeﬁmtely survive the- test in'mg thus prov:dmg a firm basis for

,further -concept- :development lI‘;he degree of risk associated with the
ﬂun ;shell :pro“be s(‘anure 9) was 5u‘bstant1a]1y higher, butpotential for an

ultunately 11ghter wei ght lower «cost assem“bly justified its «consnderatlon
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The gas gene;rator utilized o7 the test was the AFRPL 3V6-«:mc'h LD,
«<har :moj:or.. The :motor was lined with a 1/2-inch wa?h d;hlclq“eSJ paEper -
phenclic insulafing sleeve.. Thé. sleeve wis ;pne‘s,sga nx;_to“r‘i_he Ibadkup insula=
dion, GenGard V-61, ‘The V61 LD. was mnachined such that it providéed
structurdl support for the paper jphenolic linex. The xcihar motor.aff- '
<losutre was insulated-with silica-filled buna-n-mibber. :L‘P(, 614 -A 4
uncured propellant-was ,purchased from the Lockheed ,Pxopxﬂs;ton%Company

for the test. The- :formxﬂaﬁon consisted of 1:6 ;peurcent .:a‘lummnm, Ammo-
nium perchlorate oxidizer, PBAN binder, and traces of other materials.
Nominal flame temperature was fST?{OﬁoﬁF‘ . Fxhaust womposition and- Lol

ballistic properties are shown in Tdble 1.

o
3
\a

‘The thrust.stand msed for the test is a six-component, 20, gp‘om;;}omaa
thrust capacity unit manufactured by Gilmorxe ji',xidust‘u'?ie B, <C1eaﬁr;ejand; (@bid:‘
Verification tests E’ha.vg confirmed the static accuracy of the stand ito e _\
the following: — »

L
Axial thrust less than 1/2 pemcent ;mnor
Pitch axis side force less ithan 1 percent exxor

Yaw axis iside forceless than 1 percent error

Dynamic accuracy thas mot been determined.

G

e
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e .= A o MO’EOR PREPARATIO‘(AND PERFORMANCE
s d AN
& The nozzle was recewed from UTC and mstallec on the char mctor
e :

aft closure. 'l'he paper phenohc msulatmg sleeve was coated with LLPL-22

polymer 72 hours prmr {0 the scheduled motor loadmg. The pelymer-was

cured at amblent condltlons. The LPL-22 liner was used to act as a wet-
. tmg agent compa.tlble thh ‘both the insulation.and the propellant, thus
preventmg flame propaga igh -down the prOpellantI insulaticn mterface. —
czons propellant was air- -cast into the motor and allowed to settle for. a

penod -of 24 hours. Entrappea a1r was allowed to ‘escape during this time

o (LM

_ period.. A "pancake" 1gmter consmtmg of an. alumifum mesh coated with

a:«pyrotechnlc ,glater;:al was placed:on the- prgpellant surface before the aft
_closure was attached to-the motor center chamber. The lead wires were
. routed through theanozz“le orfice. The-thrust stand was electncally cali-

0 brated after motm loadmg angd prior to the fest firing..

-

B4 - .

’ The motor Was fired, 2nd-a smoothly regresswe 74C-psig:maximum

chamber pressure trace (Figure 10) wais produced. Average ‘chamber

pressure was 700 p81g over a 15 second efféctive burn time: A summary

~

of 31gn1f1cant motor preparatmn and performance data is found in Tabile II,
whlch also contams pertment nozzle performance. mformatmn. A predic-
tmn of the maximun chamber pressure. level had been niade usmg data
from ‘an earher 25-inch char motor- firino-(Reference 3j, The predicted
lcvel 750 psig, correlated well with the actual level, thereby indicating

that the propellant performed S1m1lar1y in the two different.motor sizes.

- - v
. - .
~ ¢ B S, .

-
“

p Dynarﬁic pevrformance of”_théiéilrﬁorethr”ust stand was almost as good
as E}je static accuracy 'verificati'ondhad indicated, in spite of oscillatory

vibratlons (Ari;ugi'ng) in all axes. The stand stabilized in the .axial thrust
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mcde immediately after ignifion, and thérsafter performaice wzs typified

‘by cyclic wibrations cfwapgrmmauly 30-I>f-magnitode. The magnitodeof °

the axial ringing, being less than one percent (i%) of ﬁle motorthmbm

considexéd to be:acceptable-for this test. The thrust. nrm time traceds ’

Figure 11. -

Some vibration in the pikh axis (X axis) wis also evident. Theé mag- i
nitude of the-oscillatory vibration~ was approximately ten ‘perceént (i’oﬁ»
of the side inrust, hut the regularify-of the vibrations would readily allow

the use of data smoothing techniques if a- need for lngher accnric‘f'-exutad.

This side force versus-time trace is shown in Fzgnre 12. S =

B. NQZZLE TEST RESGLTS - - ) I

x

The primary test objecﬁve probe survivability, was not coinnlefeiw -

achieved. The thin-sheli prolx. wasz ejected appronmztely 4-—1[2 seconds
after ignition (t = 5.7 seconds}. The thick Elock probe sumved ‘the test -

in excellent condition (Fxgure I3). fI'he €exit.cone was-hea.w.‘.y sroded.in. 2R

arc upstream of the thick block grobe (Figire i4). ‘I‘hié S'e'vere locahzed

.erosion was not expected based cn-the results of the test descnbed in -

Reference 1. This could be a problem if future firings are att:empted.
Par*s of the thin shell probe were recovered (Figtire 15), and é‘p;'elim- =
ihary post test analysis indicated that a structural failure in theé p:zone
retention system Lad caused-the- component e_}ectlon. The graphite throat -

insert performeéd adequately (Figure 16), -with an average surface

recession rate-of 1.4 mil/sec.

C. DATA ANALYSIS
In spite of the thin shell probe failurs, some very interesting per-
formance datz was obtained. The-data included thrust-degradation ard

side force versus time,

e
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ﬁeﬁhrﬁ’stadegtddaﬁmaeﬁcct of the ,pi-obcs:was analyzcd by

cdusxdermg the: magmtnde of th=-axial-thrust immediatcly before and; ]
- after the ejecbon—af the: thin- shell pro%e The- ificreasé in thrust ]
) “(!-" igure ;l) was appzouumatelx 125 lhf wmch indicated that the 11.5 per- L
cent‘azea b’lochge at the expansmn ratxo of 5:1 bad degraded the axial: .
. thru’* « by sixghtly less—t!:an 3 percent.
T N E % N Z- - ) =
Pxﬁclmnde iorce increased appronmately 225 lbf after the probe .
i’ailtjr:e. liii xndlcated that'the Temaining r nrobe was producmg a s:de -
force cayable of actuahng a. ﬂexible seal movable nozzle. .
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CONCLUSIONS AND RECOMMENDATIONS - > 5 % "R
: Bl
Based. on the char molor and lcst-no'/.z’!cvm:i‘[o‘i'i_nam':c{ 7lh_g,: ng]lo'w_;ﬁ{;f: c 3 "i
conclusions are made:- ’ . s . L . A ?;fjé

- 3

k. The probe-actuated servo-nozzle gqﬁtgol%eqncégt is-feasible. ~

- . > o o ER R
2. ‘Tungstex materials. can, with the proper .design, si‘xrﬁvg the o

severe environment eéxperienced by the probe. - . : — .

- o - - 2 T . ': /6 1

SR T : ol

. ) . ) . .o S 7 3 2%02!:

3. Char motor performance was satisfactory and in no way LT el

o ) e T . E
contributed to-the nozzle failire. - . ; : ol
o - e T .

' e 7 B v ]
The following recommendations are made: R . ‘

.
’
‘

:

© o?g"

P

hed

1.-* A lighter weight probe configuration should be developed: and. 1 o
demonstrated. 4 — L

2. Another test fi‘;ing utilizing a probe.and movablefnoz,zieéhould )
be performed to validate the total system feasibility. o
L : ’ "
7 -
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Prefire Throat Diameter

Postfirs Thioat Diameter -
Propellant Formulation - - -
As ‘—,C"a,,st, Propellant Depth -
Burn Surface Diameter - - -

Propéllant Wei»ghf:w,(Wp)'

Total Impulse -< -~ ---=-
FCalculated Specific Impulse
Ambient Temperature - - - -
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